Abstract The purpose of this study was to evaluate the minimum five-year prospective results from the multicentre use of a porous tantalum monoblock acetabular component for primary total hip arthroplasty (THA). A multicentre study was performed in 253 consecutive primary THAs in three separate surgical centres. All patients underwent identical postoperative protocols including radiological and clinical evaluation. The average preoperative total HHS score was 44.0±13.8 and increased at one-year follow-up to 95.2 ± 4.8 (p <0.05), remaining constant through the five-year follow-up at 97.0±6.2 (p<0.05). There was no radiographic evidence of gross polyethylene wear, progressive radiolucencies, osteolytic lesions, acetabular fracture, or component subsidence. From these results, we can recommend the continued use of this material for acetabular components in primary THA and that further review of the current multicentre population is warranted to determine the long-term durability of the acetabular composite.
Introduction
Successful acetabular component implantation in association with primary total hip arthroplasty (THA) requires correct component position, immediate component macrofixation, component stability, and an optimum surface for biological on-growth (surface preparations such as plasma spray-coating) or biological in-growth (porous surfaces such as sintered beads or fibre mesh pads). The use of ancillary screw fixation may aid in overall component stability in weak or porotic bone but may lead to a pathway for polyethylene debris and subsequent osteolysis. Moreover, host bone congruence involving an intact acetabular rim for press-fit stability is necessary for immediate component macro-fixation [8, 9, 18, 23] .
The mechanism of acetabular component failure is multifactorial and may include contributing factors such as bearing surface wear, osteolysis, and aseptic loosening. The avoidance of acetabular component failure involves both manufacturing and surgical/technical variables. Gaining optimum peripheral press-fit stability maximises initial component macro-fixation, allowing for subsequent biological fixation (in-growth/on-growth) and long-term acetabular composite durability. However, while the complications associated with acetabular composite durability and success have been identified and minimised, acetabular component failure due to aseptic loosening with or without osteolysis continues to arise [1, 19] . Tantalum metal for orthopaedic use was initially introduced in 1997, with a subsequent rapid evolution of orthopaedic applications [4-7, 9, 10, 21-25] . The use of tantalum metal for the acetabular component in THA was developed to enhance the fixation properties while eliminating aseptic loosening and the potential pathways for polyethylene debris into the periacetabular regions [12, 15, 16] . The purpose of this study was to monitor and report the minimum five-year prospective results from the multicentre use of a porous tantalum monoblock acetabular component for primary THA.
Materials and methods
Between 1997 and 2000 a multicentre study was performed in which 253 consecutive primary THA cases in 233 patients were undertaken in three separate surgical centres. Of the 253 total cases, the number contributed per centre included 102 hips (40.3%) from the first centre, 101 hips (39.9%) from the second, and 50 hips (19.8%) from the third. There was a 2:1 proportion of female (n=166, 65.6%) to male patients (n=87, 34.4%) with a similar average age between genders (female: 61.1 years±11.3, range 32 to 83; male: 57.2 years±14.1, range 24 to 86). Of these combined cases, osteoarthritis was the primary diagnosis in 116 hips (45.8%). Thereafter, congenital dysplastic hip (CDH) was seen in 80 hips (31.6%), avascular necrosis (AVN) in 33 hips (13.0%), femoral neck fracture in eight hips (3.2%), rheumatoid arthritis (RA) in three hips (1.2%), and other miscellaneous diagnoses in 13 hips (5.1%).
The procedures were performed by the leading coauthors in which a posterior surgical approach was used in all cases. A press-fit porous tantalum monoblock acetabular component (Trabecular Metal Monoblock Acetabular Component System, Zimmer Inc, Warsaw, IN) was used and has two distinct profiles: (1) solid, and (2) with peripheral screw holes for adjunctive fixation. There were only nine cases in which peripheral screws were used to gain additional acetabular component stability in cases of CDH (one with one screw, five with two screws, three with three screws). The cup has a hemi-ellipsoid geometry shape; its equator diameter is 2 mm larger than its polar diameter. It is inserted using the press-fit technique, taking particular care to prevent soft tissue interposition between the implant and the acetabulum bone during the phase of implantation. The acetabulum is prepared with hemispherical reamers. The diameter of the final reamer is the same as the polar diameter of the acetabular component and 2 mm less than the equator diameter. The subgroup of acetabular components with screws was impacted with the same technique as that without screws. Three different noncemented femoral components were used and included the Proxilock FT, the CLS Spotorno, and the Wagner Cone (Zimmer, Warsaw, IN). In all cases, no bone grafting was performed in the acetabular region. Intraoperatively, the initial stability of the acetabular prosthesis was assessed manually and was considered satisfactory in all cases of both subgroups.
The tantalum acetabular component has unique manufacturing and mechanical properties. The friction coefficient of porous tantalum on bone is approximately twice that of other porous surfaced biomaterials. The average pore diameter of the porous tantalum shell is 550 μm and the polyethylene liner is compression moulded into the porous tantalum shell to a depth of 1-2 mm, thus leaving 2-3 mm of porous tantalum for tissue in-growth. This type of manufacturing process allows for a 48-mm acetabular component to incorporate a minimum total polyethylene thickness of 8.5 mm for a 28-mm head, while a 40 mm acetabular component allows a minimum total polyethylene thickness of 8 mm for a 22-mm head.
Trabecular metal has an unusually large and interconnecting porous surface, which corresponds to 75-80% of its total volume and an overall geometry, shape, and size similar to those of cancellous bone [6] . The high volume porosity enables extensive tissue infiltration and strong attachment strength. The strut microtexture is conductive to bone formation. Trabecular metal elasticity is 3 GPa, which is between that of cancellous (0.1 GPa), subchondral (2 GPa), and cortical bone (15 GPa). On the contrary, titanium alloys (110 GPa) and cobalt-chromium alloys (220 GPa) are materials with significantly less elastic properties.
All patients from the three surgical centres underwent identical postoperative protocols including immediate postoperative anteroposterior radiograph of the pelvis and anteroposterior and lateral radiograph of the affected hip. On the second postoperative day, the patients were mobilised with partial weight bearing for six weeks thereafter, followed by full weight bearing. All patients were evaluated clinically at six weeks, 12 weeks, 24 weeks, 12 months, and then annually thereafter for five years using the Harris hip score (HHS) and the Oxford hip score (OHS). There were no patients lost to follow-up and all patients were evaluated at the minimum five-year follow-up (maximum follow-up at 8 years). At the same time intervals, all patients had radiological evaluation. Patient radiographs with evidence of peri-acetabular dome gaps were digitised and assessed using software that incorporates the Ein-Bild-Röntgen-Analyse (EBRA) digital measurement system for cup migration and wear [13] . The EBRA system, which is a method for measuring 2D migration and wear in horizontal and vertical axes from digitised plain radiographs, allows the user to compare image position in prospective radiographs over long periods of time excluding those with positioning errors that may influence the assessment.
All data were collected prospectively using standardised collection forms and entered thereafter into a Microsoft SQL Server database (Microsoft Corporation, Redmond, Washington, USA). Statistical evaluations included simple descriptive summary and survival analysis with an endpoint of re-operation for the acetabular component.
Results
All patients were evaluated for a minimum five-year period. Clinically, the average preoperative total HHS score was 44.0±13.8 (range, 4-86.75) which increased at one-year to 95.2±4.8 (range, 81-100) (p<0.05) and remained constant through the five-year follow-up at 97.0±6.2 (range, 58.85-100) (p<0.05). Similarly, the average preoperative HHS pain component was 14.0 ± 6.7 (range, 0-44) which increased at one-year to 42.4±2.0 (range, 40-44) (p< 0.05) and remained constant through the five-year followup to 43.6±1.6 (range, 30-44). The average Oxford hip score improved from a preoperative score of 43.3±6.5 to 15.2±2.3 at one-year postoperatively and 13.9±2.3 at fiveyears postoperatively. Preoperative range of motion (ROM) included an average flexion of 72.6°±21.3°(range, 0°-130°) which increased postoperatively at one-year to 117.6°±10.2°(range, 90°-135°) and slightly decreased through the five-year follow-up to 106.9°±11.1°(range, 80°-130°). The difference in average flexion between one year and five years was statistically significant (p<0.05). Preoperative extension was 8.0°±3.0°(range, 5°-15°) and was 7.7°±2.5°(range, 5°-10°) (p<0.05) at one-year and slightly increased through the five-year follow-up to 9.2°± 2.7°(range, 5°-20°) (p<0.05) ( Table 1) .
Immediate postoperative radiographs revealed well fixed and positioned acetabular components. Acetabular component inclination in the initial postoperative radiograph was measured from 39.76°to 50.30°(mean 45.38°, SE 0.47°). In the initial postoperative radiographs, peri-acetabular dome gaps were observed in 25 hips (10%). Of the cases with initial acetabular dome gaps, radiographic evidence of gap filling was observed in all cases by 24 weeks (Fig. 1a-c) . There was no further radiographic evidence of acetabular dome gaps at the five-year follow-up. Also, there was no radiographic evidence of gross polyethylene wear, progressive radiolucencies, osteolytic lesions, acetabular fracture or component subsidence.
The different subgroups of nine acetabular components with screws had the same excellent results as the main group and no further radiographic evidence of wear or osteolysis. Also, there was no difference in results between the three different subgroups with regard to stems.
There were four cases of long-term radiographic evidence of nonprogressive, radiolucent lines. Two cases had evidence of early acetabular radiolucent lines at 6-12 weeks. Of these, one case had an acetabular radiolucent line at one year and three years, but none at five years. This may be due to either patient positioning or gap filling. Another case had an acetabular radiolucent line only at three years and at five years. There are also two other cases with acetabular radiolucencies at five years but with no previous radiographic evidence of radiolucencies. In all four cases involving long-term evidence of radiolucencies, the acetabular component was deemed radiographically stable and the patients had no complaints of pain. There was one case in which the acetabular component was revised at 50 months for recurrent dislocation and this patient (one hip) was removed from further study. At the time of revision, the component was well fixed, stable and, upon visual inspection, had extensive bone to component apposition (Fig. 2a,b) . No other acetabular component was revised or needed revision at the last follow-up.
There were ten (4%) acute complications. Acute complications included intraoperative femoral fracture in six hips (2%) treated with cerclage wires, early dislocation in two hips (<1%) treated by closed reduction, peroneal nerve palsy in one hip (<1%), and pulmonary embolism in one hip (<1%) treated with low molecular weight heparin (LMWH). All acute complications were successfully treated.
There were seven independent postoperative complications (2.5%) in seven patients. Deep vein thrombosis occurred in three patients (two on the operated side, one contralateral side) (1.5%) and pulmonary embolism in one patient (one hip, <1%) which were successfully treated with LMWH. One acute dislocation in one hip (<1%) was treated by closed reduction without further incident. There was one recurrent dislocation in one hip (<1%) that required revision of a well-fixed and stable acetabular component. Aseptic loosening of the femoral component occurred in one hip (<1%) that required femoral component revision.
Discussion
Acetabular component success in THA has evolved with changes in component design characteristics as well as surgical techniques. Initial noncemented acetabular component designs involving various material combinations, component conformity, and implantation techniques yielded only average results. More recently, intermediate results of noncemented acetabular components have shown significant decreases in failure rates attributed to aseptic loosening. However, radiographic evidence of radiolucencies adjacent to the acetabular component still exist and may be indicative of subsequent aseptic loosening and component failure [17, 20] . Common noncemented acetabular components have the design characteristics that include low volumetric porosity, low coefficient of friction, and surface preparations that involve bonding to a solid substrate. Latimer et al. [14] , in an intermediate study of porouscoated acetabular components, reported no acetabular component failure with the endpoint being revision but found radiographic evidence of peri-acetabular radiolucencies. The design considerations and use of tantalum metal for the acetabular component in our study involved the goals of immediate stable component macro-fixation, an environment for optimum biological micro-fixation, the elimination of potential pathways for debris to the periacetabular regions of the pelvis, and thus the elimination of aseptic loosening with or without osteolysis.
The monoblock acetabular component used in this study incorporated direct fusion and compression of the polyethylene into the metal shell which has the advantage of no debris from the interface between the metallic shell and the polyethylene liner (backside wear). It also offers a more physiological acetabular bone loading due to the elasticity. The inherent quality of tantalum metal is that 75-80% of the total material volume is porous voids and, in combination with the osteoconductive material properties, is shown to be optimum for biological in-growth [6, 9] . Rahbek et al. [18] showed superior on-growth characteristics of tantalum metal over solid metal implants with grit blasting. Bobyn et al. [2] ascribed these findings to the high and interconnected porosity of the porous tantalum. Our study reveals both clinical and radiographic evidence of wellfixed and stable acetabular components, thus confirming our hypothesis of increased early stability from the high coefficient of friction and stable early macro-fixation of the tantalum acetabular component.
Rahbek et al. [18] showed superior biological fixation and subsequent radiographic evidence of "gap healing around the implant" in the reported trabecular metal model. Bobyn et al. [3] have also shown acetabular component stability and complete filling of large polar gaps. Radiographic review of our data has shown early series peri- Fig. 2 a,b Case involving acetabular component revision at 50 months for recurrent dislocation. Upon visual inspection, the revised acetabular component had extensive bone to component apposition acetabular dome gaps in 25 hips (10%). However, at 24 weeks follow-up, there was gap filling and no further radiographic evidence of peri-acetabular gaps was noted [15] . Similarly, Gruen et al. [11] reported radiographic evidence of peri-acetabular gaps using the same acetabular component with complete gap filling at two years. A potential error associated with subjective radiographic assessment of gap resolution is subsequent patient positioning masking the original gap. In an effort to demonstrate gap filling without positional error, a subset of patient radiographs for our reported cohort were digitised and analysed using the EBRA-digital measurement system [13] . We found the radiographic evidence of gap filling was true and not a product of patient positioning or component subsidence. From the evidence of our reported radiographic findings we believe with certainty that the osteoconductive properties of tantalum metal allows for the resolution of most line-to-line components to host bone differences found following primary THA.
Radiographic evidence of acetabular gaps was noted for only one study site (site 2). The gaps seem to be related to the surgeon's ability to "bottom out" the acetabular component which contributed to the component insertion learning curve.
We need long term results and more actual data (wear, osteolysis) to support the long term durability of this acetabular component.
There are potential disadvantages to using this kind of cup. First of all, it is difficult to insert this in a proper way due to a "grabby" surface and dished contour. Second, it is difficult for an inexperienced surgeon to be sure about the presence of bottoming out due to monoblock characteristics. Third, we worry about the revision of this monoblock cup and especially for liner wear and exchange.
The advantages of the cup are less periacetabular stress shielding from a less stiff composite, low wear rate with elimination of debris and apparent osteolysis, and component stability and osseointegration due to higher coefficient of friction and geometry with peripheral rim press-fit technique.
In conclusion, we report the promising intermediate results of a monoblock acetabular component with no evidence of gross polyethylene wear, nonprogressive radiolucencies, no osteolytic lesions, and no cup migration. Overall, all the patients were very satisfied and reported no difference as compared to their normal hip. Clinical findings are similar to current reports of noncemented acetabular component systems, but the radiographic findings support the theoretical advantages of tantalum metal. We recommend continuing use of this component and that further review of the current multicentre population is warranted to determine the long-term durability of the acetabular composite.
